Abstract Gene based microsatellite markers are becoming more popular as compared to traditional random genomic microsatellite markers due to rapid and inexpensive method of isolation and their cross species portability. The present study documents occurrence of microsatellites in the transcriptome of seabuckthorn, a plant with immense medicinal, nutritional and ecological value. De novo assembly of over 80 million high quality short reads generated by high throughput next generation sequencing yielded 88297 putative unigenes. Of these, 7.69 % unigenes harbored microsatellite repeats with an average of one microsatellite per 6.704 Kb transcriptome. Dinucleotide repeats were most abundant followed by trinucleotide repeats. Microsatellites were densely populated in coding regions followed by 3′ and 5′ untranslated regions. AG and AAG type repeats were most frequently represented. Of the microsatellite positive unigenes, 48.81 % could be assigned gene ontology (GO) terms in order to assess associations between microsatellite containing unigenes and biological role of known genes. Utility of unigene specific microsatellites was assessed on the basis of polymorphism(s) detected in 18 seabuckthorn collections from Leh (India) using a set of randomly selected 25 unigene specific microsatellites. The findings presented here are likely to find immense use in future breeding and molecular biology research projects in seabuckthorn aiming at its overall development as a crop.
Introduction
Microsatellites (Simple Sequence Repeats) represent tandem repetition of 1-6 nucleotide long motifs occurring throughout the prokaryotic as well as eukaryotic genomes (Tóth et al. 2000) . Their abundance and hypervariability, co-dominant inheritance, reproducibility, multi-allelic nature and wide genomic distribution make them markers of choice for a variety of applications ranging from linkage mapping to diversity analysis (Varshney et al. 2005) .
Often tedious and costly cloning and enrichment procedures are involved in the development of microsatellite markers (Zane et al. 2002) . Recent revolutionary advancements in DNA sequencing technology have led to the accumulation of vast amount of sequence data in public domain. As the content available in public databases is increasing rapidly, there has been a great inclination towards development of molecular markers using computational tools (Sharma et al. 2007; Grover et al. 2012 ). This approach not only reduces the cost of marker development but also permits generation of markers at a large scale in a short span of time. However, a great variation has been observed in the output depending on the tools used and the criteria adopted for mining microsatellites (Grover et al. 2012) .
Gene based microsatellite markers have provided a most valuable and popular tool for comparative genomics as the markers developed from one species could also be exploited in related species hitherto unexplored (Ellis and Burke 2007; Jain et al. 2010; Ma et al. 2012; Singh et al. 2012) . Limited marker resources are available for seabuckthorn (Hippophae sp.) family Elaeagnaceae. It is a hardy, deciduous shrub, with significant medicinal and ecological importance. All the species of Hippophae are diploid with 2n =24 (Elena et al. 2011) . Seabuckthorn berries are rich in vitamins, fatty acids, free amino acids, flavanoids, tocopherol and other secondary metabolites (Dhyani et al. 2007) . Preparations from seabuckthorn have frequently been utilized for the treatment of cardiovascular diseases, cancers, skin problems, burns, digestive tract disorders and immune system disorders. The plant parts contain many anti-inflammation and anti-bacterial substances (Chauhan et al. 2007; Dhyani et al. 2007 ).
Seabuckthorn has a strong ability to fix atmospheric nitrogen due to the association of Frankia, a soil actinomycete, with its root nodules thereby improving soil quality. Moreover, its extensive root system aids to soil conservation (Trajkovski and Jeppsson 1999) . Cascades of genes imparting adaptive nature to seabuckthorn to withstand various abiotic stresses and genes related to biosynthesis of various bioactive compounds, have generated substantial interest among researchers all over the world (Yang et al. 2005; Guo et al. 2007; Xu et al. 2009; Ghangal et al. 2012; Fatima et al. 2012; Ghangal et al. 2013) .
Attempts have been made to review different marker systems used to access phylogenetic relationship and genetic diversity in seabuckthorn (Ghangal et al. 2008; Kalia et al. 2011; Ruan et al. 2013) . Till date, very limited information is available on microsatellite markers in seabuckthorn (Wang et al. 2008; Jain et al. 2010) . It has been known for long that microsatellite variation sometimes leads to alteration in gene expression leading to phenotypic variation. Therefore, microsatellite variations could be implicated as a key player in the process of adaptation and evolution (Grover and Sharma 2011) . The present study was undertaken to understand distribution of microsatellites in seabuckthorn transcriptome and assess their functional significance in developing Unigene Specific Microsatellite Markers (USMM).
Materials and methods

Sequence resource
Short read sequences were generated using Illumina HiSeq2000 platform under a project on seabuckthorn transcriptome profiling undergoing in our laboratory. The short reads have been submitted to NCBI's Short Read Archive (SRA) with study accession number SRP011938, containing seabuckthorn leaf and root sample data under the accession numbers SRS304528 and SRS304529, respectively. Assembly of short reads involved the use of short read assembler (ABySS), followed by TGICL, yielded 88297 putative unigenes (Ghangal et al. 2013) . Primary data thus generated was used for mining microsatellite repeats.
Microsatellite mining in seabuckthorn transcriptome
Microsatellite searching tool, MISA (http://pgrc.ipkgatersleben.de/misa/; Thiel et al. 2003 ) was used to identify and classify microsatellites in putative unigenes of seabuckthorn, considering complementarily and occurrence in different frames (e.g. dinucleotide repeat GA class will include: GA/AG/CT/TC repeats). Mononucleotide repeats were not included in the current analysis because of the abundance of poly A/T repeats, arising due to the presence of PolyA/T tails in cDNA molecules derived from eukaryotic transcripts and sequencing errors prevailing in Illumina base sequencing platform.
Functional assessment of microsatellite carrying unigenes Unigene sequences harboring microsatellite repeats (Supplementary file: Suppl.fa) were used for similarity search against existing non-redundant protein sequences in the public database to identify their putative functions. Similarity search was performed at a cut off value of ≤ 1E-10 to keep stringency level high. In order to assess their complete annotation, these microsatellite carrying unigenes were annotated based on the Gene Ontology (GO) terms associated with the blast results using Blast2GO software (Conesa et al. 2005) which initially performs BLASTX analysis followed by mapping and annotation step.
Determination of the position of microsatellites within genes
OrfPredictor (Min et al. 2005 ) was used to predict open reading frames (ORF) within the putative unigenes. Microsatellites lying in the region upstream to ORF were considered as 5′ UTR SSRs while others falling in the region downstream to ORF were taken as 3′ UTR SSRs. Comparative abundance of different motifs was also determined manually in MS excel. Unigenes with no ORF were not included in further analysis.
Codon usage of tri-nucleotide repeats
Only tri-nucleotide repeats falling in coding regions were taken into consideration and examined for the possible encoded amino acid motif. These sequences were further submitted to CodonO server (Angellotti et al. 2007 ) to confirm the preferential codon usage within seabuckthorn transcriptome.
Designing and validation of primers
Class I microsatellites (≥ 20 nucleotide long) carrying unigenes were selected at random and analyzed for their 'Var' score by using SERV, a nonlinear model that generates a numeric score on the basis of number of repeat units, unit length, and purity that correlates with repeat variability (Legendre et al. 2007 ). Further, these unigene sequences were used to design primers from microsatellite flanking regions using Primer 3 (Rozen and Skaletsky 2000) . Parameters taken into consideration for primer design included 50-60°C annealing temperature with a maximum difference of 5°C between any individual pair of forward and reverse primers, 40-60 % GC content, 18-25 bp primer length, and desired amplicon size of 150-400 bp.
Genomic DNA isolated from 18 random collections of Hippophae rhamnoides (natural population collected from Leh (India), 34°08′43.43°N77°34′03.41°E) and 5 collections of Hippophae salicifolia (collected from the premises of DIHAR, Leh), were used to validate the putative unigene based microsatellite (SSR) markers. A 25 μl PCR reaction contained 5 pmol of each primer, 100 μM of each of dNTPs, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.5 U of Taq polymerase (GoTaq, Promega), and 50 ng of template DNA. Amplifications were carried out in a Mastercycler (Eppendorf, Germany) with thermal profile being 5 min of pre-amplification denaturation at 95°C followed by 35 cycles of 30 s at 95°C, 30 s at a primer-specific annealing temperature, and 1 min at 72°C. As a final step, products were given a final extension for 5 min at 72°C and stored at 4°C until further use. PCR products were resolved using electrophoresis in 4 % metaphor agarose (Lonza, Switzerland) in 1X TAE buffer. The amplicons were visualized after ethidium bromide staining and recorded using gel documentation system (Alpha Imaging).
Results and discussion
Microsatellite dynamics in seabuckthorn transcriptome
Out of total 88297 putative unigenes with an average size of 610 bp, 7.69 % unigenes showed the presence of microsatellite repeats. Of these microsatellite harboring unigenes, 14.58 % contained more than one microsatellite repeat. Further, 713 microsatellite repeats were found in compound formation. In the present study, overall microsatellite density was found to be one microsatellite spanning every 6.704 Kb, which is in correspondence with the earlier studies (Varshney et al. 2005; Poncet et al. 2006; Wohrmann and Weising 2011) where the frequency of microsatellites in model plants was found to fall between the range of one microsatellite per 2 to 10 Kb. The variations in frequencies observed among earlier studies by different groups could be due to the different tools used to screen microsatellites (Varshney et al. 2005; Sharma et al. 2007 ) and variation in the size of sequence dataset. Among microsatellites, dinucleotides were most frequent repeats (63.46 %) followed by trinucleotide repeats (31.35 %) while a very small share of 5.19 % was altogether contributed by tetra-, penta-and hexa-nucleotide repeats (Supplementary  table 1 ). Similar abundance of dinucleotide repeats over trinucleotide repeats, was reported in other plant species (Tang et al. 2009; Roorkiwal and Sharma 2011) . One of the possible reasons behind such abundance could be that shorter repeating units allow more number of possible slippage events per unit length of DNA. Considering the length of microsatellite loci, 75.56 % microsatellite were grouped as class II microsatellite repeats (< 20 nucleotide long) and 24.44 % microsatellite as class I microsatellite repeats (≥ 20 nucleotide long) (Fig. 1) . Similar preponderance of class II repeats has been reported in other studies also (Roorkiwal and Sharma 2011) . The inverse relationship between the length of microsatellites and their abundance holds true in the present study (Fig. 1) . This could be due to the fact that longer repeats have downward mutation bias (Katti et al. 2001 ). However, a slight increase in abundance of microsatellites with lengths 30-35 bp was observed in the present dataset, which could be attributed to further inclusion of hexanucleotide repeats in the interval class.
In terms of individual SSR motif, the most common dinucleotide repeat motif class was (AG)n (comprising of AG, GA, CT, TC) followed by AT repeat class, representing 63.30 % and 25.75 % of total dinuclotide repeats, respectively. Similar abundance of GA dinucletide repeats, has been observed in many other plant species in the recent past (Tang et al. 2009; Roorkiwal and Sharma 2011; Victoria et al. 2011 ). This repeat class is known to play an active role in gene regulation in both animal and plant species (Trivedi 2004) . Scarcity of GC dinucleotide repeats observed in this study could possibly be due to some strong negative selection by suppression of GC repeats, which reduces the stacking energy of DNA thus facilitating replication and transcription (Trivedi 2004) .
Among trinucleotide motifs, (AAG)n repeat class was the most predominant as also observed in earlier studies in other plant species (Tang et al. 2009; Roorkiwal and Sharma 2011; Victoria et al. 2011 ). Grover and Sharma (2004) suggested tendency of making alternative DNA structures by repeat motif as the reason underlying such abundance.
Microsatelites in coding regions
Respective SSR positions were designated in unigene on the basis of prediction of ORF using OrfPredictor. In the present study, we found intense density of microsatellites in coding regions of the genes as compared to UTRs (Fig. 2) . It could be explained on the basis of direct relationship that exist between the rate of recombination and microsatellite density, as coding regions are known to have high recombination frequency (Trivedi 2004) . Other possible reason could be the under representation of UTRs in unigene data. Location of 54 microsatellite loci (0.7 %) could not be assigned, possibly because of smaller size of unigene or the unigene might be representing a non-coding RNA.
Dinucleotide repeats were found to be richly distributed in all genic regions. The abundance of dinucleotide repeats in coding regions was followed by that in 3′ and 5′ untranslated regions contradicting some previous reports (Morgante et al. 2002) . Nevertheless, such deviation could be due to the differences in definition parameters used during microsatellite screening or it could also be a species specific characteristic but more research is required to reach any concrete conclusion.
Majority of trinucleotide repeats (62.1 %) and hexanucleotide repeats (56.3 %) were found distributed in coding regions. This could be due to the fact that reading frame would not be disturbed by slippage of a tri-or hexa-nucleotide repeat (Metzgar et al. 2000) . There were 5.2 % microsatellites located between the boundaries of UTR -CDS, and role of such microsatellites have not been studied yet. The predicted amino acid content for the trinucleotide repeats falling in coding regions is shown in Fig. 3 . The amino acids serine, leucine, glutamine, and phenylalanine were predominant. Similar predominance of these amino acids has also been reported in other plant species (Jung et al. 2005; Lawson et al. 2006; Parida et al. 2006; Roorkiwal and Sharma 2011) .
There exist a negative relationship between synonymous codons and GC composition as GC at 3 rd position (GC3) plays a major role in this relationship (Fig. 4) . In our data, there is a higher preference for GC3 and similar preference has been reported in case of other plants (Victoria et al. 2011 ).
Gene ontology annotation of microsatellite positive unigenes Out of a total of 6787 putative unigenes harboring microsatellite loci, 3313 (48.81 %) were assigned gene ontology categories following BLAST matches to known proteins using BLAST2GO. Vitis vinifera, Populus trichocarpa, Ricinus communis were among the top BLAST-Hit species (Table 1) . These SSR containing putative unigenes were assigned Gene Ontology (GO) terms (level 3) for biological process, cellular component and molecular function. In case of biological process category, unigenes were categorized into 31 different processes (Fig. 5a) . Majority of the unigenes were involved in metabolic processes (16.4 %), followed by biosynthetic processes (8.065 %), while 5.57 % unigenes were found to be involved in responses to various stresses. However, other important processes included transcription (7.033 %), transport (5.252 %), etc. For the cellular components category, majority of the unigenes were found to be related to plastid (13.93 %) followed by protein complex (12.97 %) and cytoplasm (9.41 %). The remaining sequences were assigned to other important cellular components like plasma membrane (8.63 %), mitochondria (7.95 %) and nucleus (6.96 %), etc. (Fig. 5b) . When concentrating on molecular function category, majority of unigenes were assigned to protein binding (13.52 %) followed by nucleotide binding (10.89 %) (Fig. 5c ).
Validation of unigene based microsatellite markers and application of variability score Out of the 25 primer pairs designed to amplify microsatellite sequence loci, 21 pairs successfully resulted in amplification of target loci in all the accessions of H. rhamnoides, and also cross-amplified in H. salicifolia. On resolving amplicons on 4 % metaphor agarose, eleven USMM were found polymorphic in H. rhamnoides (Fig. 6) . We detected 2 to 7 alleles for different loci included in the present study. However, the number of polymorphic markers obtained in small marker set is quite high as compared to our own previous study (Jain et al. 2010) in which nine polymorphic marker were obtained out of 30 putative microsatellite markers. One possible reason behind such an observation could be biased selection of class I microsatellites carrying sequences from the complete data set for development of markers. Class I microsatellites have been found more polymorphic as compared to class II microsatellites in earlier studies also (Singh et al. 2010 ). Analysis of selected sequences for their 'Var' score further improved the proportion of polymorphic markers. In the current study, out of total 21 amplified putative markers, eight microsatellites markers were found polymorphic out of 11 selected sequences with var cut off value of ≥ 0.9. While one marker was found polymorphic out of 8 selected sequences with score less than 0.9 and two markers were found to be polymorphic where Var score could not be calculated due to the presence of compound repeat (Table 2) . Thus overall selection of sequences with class I microsatellites and appropriate Var score, can allow higher return of polymorphic markers.
Since the sample size is not very large and no statistical analysis conducted, chance factor can also be not ruled out. High number of alleles observed in a small population in the present study may not alone be attributed to structural features of microsatellites and outcrossing nature of seabuckthorn, especially when markers have been designed from genic regions. Apart from the choice of the technique for the assessment (in terms of resolution and accuracy) of amplicons, such level of polymorphism could also be attributed to the nature of the genes, which need further investigations.
Conclusion
As unigene specific microsatellite markers are transferable from one taxon to another, microsatellites documented in the present study provide a useful resource for marker based applications in seabuckthorn and related texa. These marker sites can be further exploited for recording allelic variance across diverse collection, and for the development of gene based functional markers. Further study of microsatellite positive genes involved in various pathways may help in understanding the regulatory role(s) of different microsatellite loci in plants.
